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1RYHOFRPSRVLWHSURWRQH[FKDQJHPHPEUDQHPDWHULDOVIRULQWHUPHGLDWHWHPSHUDWXUHIXHO
FHOOV
0+DWWHQEHUJHU66KDUPD:%XMDOVNL%3ROOHW96HOI-5LFKPRQG
8QLYHUVLW\RI%LUPLQJKDP8.7DWD0RWRUV(XURSHDQ7HFKQLFDO&HQWUH8.
)XHOFHOOVDUHEHFRPLQJDQLQFUHDVLQJO\SRSXODUDOWHUQDWLYHWRFRQYHQWLRQDOHQHUJ\VRXUFHVDQG
LQWHUQDOFRPEXVWLRQGXHWRFOLPDWHFKDQJHFRQFHUQVDQG WKHGHSOHWLRQRIQDWXUDOUHVRXUFHVRI
IRVVLO IXHOV  3URWRQ ([FKDQJH 0HPEUDQH )XHO &HOOV 3(0)&V DUH GHVLUDEOH EHFDXVH WKH\
RSHUDWHLQDFRQYHQLHQWWHPSHUDWXUHUDQJH±&KDYHDVROLGEXWOLJKWHOHFWURO\WHDQG
FDQ EH FRQQHFWHG LQ VHULHV WR LQFUHDVH SRZHU RXWSXW  7KHVH SURSHUWLHV PDNH WKHP LGHDOO\
VXLWHG IRU SRUWDEOH DQG DXWRPRWLYH DSSOLFDWLRQV   +RZHYHU FRVW DQG ORQJ WHUP GXUDELOLW\ RI
WKHVHV\VWHPVFRQWLQXHWREHEDUULHUVWRWKHFRPPHUFLDOLVDWLRQRI3(0)&V

7KHVHEDUULHUVDUHVWURQJO\DVVRFLDWHGZLWKWKHSURWRQH[FKDQJHPHPEUDQH3(0LQWZRZD\V
)LUVWO\ FRPPRQ 3(0V VKRZ RSWLPXP SHUIRUPDQFH DW  5+ QHFHVVLWDWLQJ H[SHQVLYH
KXPLGLILFDWLRQV\VWHPV6HFRQGO\GHJUDGDWLRQRIWKH3(0OHDGVWRIDWDOGHJUDGDWLRQRIWKHIXHO
FHOOGXHWRVKRUWFLUFXLWRIWKHFHOO

1DILRQ WKH FXUUHQW PDUNHW OHDGHU IRU 3(0)&
PHPEUDQHV LV D SHUIOXRULQDWHG VXOIRQLF DFLG
3)6$ LRQRPHU ZLWK RXWVWDQGLQJ TXDOLWLHV
LQFOXGLQJKLJKSURWRQFRQGXFWLYLW\2QHGUDZEDFN
LV WKH LQDELOLW\ WRRSHUDWHDWKLJK WHPSHUDWXUHDQG
ORZ KXPLGLW\ DQG D SURSHQVLW\ WR FKHPLFDO DQG
WKHUPDOGHJUDGDWLRQGXULQJORQJRSHUDWLQJSHULRGV
&RPSRVLWH 3(0PDWHULDOV ZKLFK DUH GRSHG ZLWK
YDULRXV LQRUJDQLF ILOOHUV DUH FXUUHQWO\ LQWHQVLYHO\
UHVHDUFKHGIRU3(0)&VWRRSHUDWHDWLQWHUPHGLDWH
WHPSHUDWXUH &   7KHVHPDWHULDOVDUH
FRQVLGHUHG WR HQKDQFH WKH SURWRQ FRQGXFWLYLW\ RI
WUDGLWLRQDOPDWHULDOVEHFDXVHWKHK\GURSKLOLFILOOHUV
LQFUHDVHWKHZDWHUXSWDNHDELOLW\3HUIRUPDQFHDW
KLJK WHPSHUDWXUH DQG ORZ KXPLGLW\ RSHUDWLRQ LV
HQKDQFHG E\ D KLJKHU OHYHO RI ZDWHU UHWHQWLRQ
ZKLFK DOVR SUHYHQWV GHJUDGDWLRQ GXH WR
GHK\GUDWLRQ7KHPHFKDQLFDOSURSHUWLHVDUHDOVRHQKDQFHGLIFKHPLFDOLQWHUDFWLRQEHWZHHQWKH
ILOOHUDQGWKHKRVWSRO\PHUPDWUL[LVSURPRWHG

&RPSRVLWH 3(0V FDQ EH SUHSDUHG E\ GLVSHUVLRQ RI QDQR RU PLFUR VL]H ILOOHU SDUWLFOHV LQ DQ
LRQRPHU VROXWLRQ DQG WKHQ FDVW XVLQJ WUDGLWLRQDO PHWKRGV VROXWLRQ FDVWLQJ GLS FRDWLQJ VSLQ
FRDWLQJ HWF  $QRWKHU PHWKRG LV WR JURZ ILOOHU SDUWLFOHV LQ D SUHIRUPHGPHPEUDQH RU LQ DQ
LRQRPHUVROXWLRQ7RDYRLGDQHJDWLYHLQIOXHQFHRQWKHFRQGXFWLRQPHFKDQLVPZLWKLQWKH3(0LW
LV LPSRUWDQW WR FRQVLGHU WKH HIIHFW RI ILOOHU SDUWLFOHV RQ WKH SURSHUWLHV RI WKH KRVW SRO\PHU
PHPEUDQH7KHVKDSHW\SHVL]HDPRXQWDQGRULHQWDWLRQRIWKHILOOHUFDQKDYHDQHIIHFWDQG
WKHPRVWFRPPRQO\XVHGLQRUJDQLFILOOHUVDUHPHWDOR[LGHVFOD\V]HROLWHVPLQHUDODFLGVVROLG
DFLGVKHWHURSRO\DFLGVDQGPRUHUHFHQWO\JUDSKHQHR[LGH*2>@

)LJXUH&V;36VSHFWUDVKRZLQJ&2
SHDNV IRU*2SUHSDUHG DW WKH8QLYHUVLW\
RI%LUPLQJKDP
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9DULRXVVWXGLHVKDYHIRXQGWKDWWKHDGGLWLRQRI*2WRDSURWRQFRQGXFWLQJSRO\PHUFDQHQKDQFH
WKHSHUIRUPDQFHRI WKHPDWHULDO =DUULQHWDO >@7VHQJHWDO >@DQG:DQJHWDO >@KDYH
UHSRUWHGVXFKUHVXOWVIRU1DILRQVXOIRQDWHGSRO\LPLGH63,DQGSRO\EHQ]LPLGD]ROH7KHOHYHO
RIR[LGHJURXSVRQWKH*2)LJXUHPDNHVLWHOHFWULFDOO\LQVXODWLQJDQGRIIHUVKLJKVROXELOLW\LQ
ZDWHU JRRG LQWHUDFWLRQZLWK WKHKRVWSRO\PHUDQGDW WKHVDPH WLPHJRRGVFRSH IRU FKHPLFDO
IXQFWLRQDOLVDWLRQ >@ 7KH YHU\ ODUJHVXUIDFHDUHDPDNHV LW DWWUDFWLYHDVDQDQRVFDOH ILOOHU IRU
FRPSRVLWHPHPEUDQHPDWHULDOVDVLWFDQODUJHO\LQFUHDVHWKHQXPEHURIDFLGJURXSVDQGKHQFH
SRVLWLYHO\LQIOXHQFHWKHZDWHUXSWDNHDQGUHWHQWLRQFDSDELOLWLHV7KLVKDVEHHQSURYHQLQUHFHQW
UHVXOWVE\=DUULQHW DO >@ )LJXUHZKHUH*2ZDV IXQFWLRQDOLVHGZLWK VXOIRQLFDFLG JURXSV
LQFUHDVLQJWKHZDWHUXSWDNHLRQH[FKDQJHFRHIILFLHQWDQGVLQJOHFHOOSHUIRUPDQFH

7KH FXUUHQW VWXG\ LQYHVWLJDWHV WKH HIIHFW RI *2 RQ WKH
SURSHUWLHV RI FRPPHUFLDO 1DILRQ  7KLV LQFOXGHV DQ
LQYHVWLJDWLRQRILGHDOFDVWLQJSXULILFDWLRQDQGGU\LQJPHWKRGV
IRU *2 FRPSRVLWH PHPEUDQHV SUHSDUHG ZLWK FRPPHUFLDO
1DILRQ VROXWLRQ 7KH IXQFWLRQDOLVDWLRQ DQG WKH HIIHFW RI WKH
VL]H FRQFHQWUDWLRQ DQG RULHQWDWLRQ RI ILOOHU SDUWLFOHV LQ WKH
SRO\PHUPDWUL[ZLOODOVREHLQYHVWLJDWHG

,QLWLDO VWXGLHV LQYROYHG WKH SUHSDUDWLRQ RI D VHULHV RI
PHPEUDQHV XVLQJ GLIIHUHQW VROYHQWV  6ROYHQWV ZLWK YDU\LQJ
ERLOLQJSRLQWVDQGGLHOHFWULFFRQVWDQWVZHUHDGGHG WR1DILRQ
VROXWLRQWRHYDOXDWHWKHHIIHFWRQWKHSURSHUWLHVRIWKH3(0
)RUHDFKVROYHQWRQHPHPEUDQHZDVSUHSDUHGZLWKRXW*2
ILOOHUDVDUHIHUHQFHDQGFRQVHFXWLYHPHPEUDQHVZHUHSUHSDUHGZLWKLQFUHDVLQJORDGLQJVRI*2
2QHFRQWUROVHWZDVDOVRSUHSDUHGZLWKRXWDQ\DGGLWLRQDOVROYHQW 7KLVVHULHVRI3(0VZHUH
HYDOXDWHG IRU ZDWHU XSWDNH :8 LRQ H[FKDQJH FRHIILFLHQW ,(& DQG WHQVLOH SURSHUWLHV
7KHUPDO FKDUDFWHULVWLFV ZHUH LQYHVWLJDWHG XVLQJ WKHUPRJUDYLPHWULF DQDO\VLV 7*$ DQG
GLIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&


7KHDGGLWLRQRI*2OHDGWRDQLQFUHDVHLQWKH
XOWLPDWH WHQVLOH VWUHQJWK  RI WKH SXUH*2
VDPSOH EXW WKH VDPSOHV ZLWK DGGHG
HWKDQRO,3$ DQG '062 VKRZHG UHGXFHG
VWUHQJWK )XUWKHU WHVWVZLOO EHXQGHUWDNHQ WR
FRQILUPWKHVHGDWD

6LQJOHFHOOWHVWLQJZDVXQGHUWDNHQXVLQJSXUH
K\GURJHQ DQG DLU )LJXUH   0HPEUDQH
HOHFWURGH DVVHPEOLHV 0($V ZHUH SUHSDUHG
XVLQJ WKH UHFDVW PHPEUDQHV ZLWK FRPPHUFLDO JDV GLIIXVLRQ HOHFWURGHV *'(V DQG ZHUH

)LJXUH   ,QFUHDVHG ZDWHU
XSWDNH DQG ,(& IRU
IXQFWLRQDOLVHG *2 GRSHG
1DILRQPHPEUDQHV>@
 
)LJXUH8OWLPDWHWHQVLOHVWUHQJWKPHDVXUHPHQWVIRUWKHVHULHVRIPHPEUDQHV
FRQWDLQLQJZW*2

)LJXUH  6LQJOH FHOO SHUIRUPDQFH RI *2
GRSHG SXUH 1DILRQ UHG FRPPHUFLDO 1DILRQ
 EOXH DQG *2GRSHG 1DILRQ'062
SLQNPHPEUDQHV
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FRPSDUHGWRDQ0($SUHSDUHGZLWK1DILRQ7KHEHVWVLQJOHFHOOUHVXOWVWRGDWHZHUHIRXQG
IRUWKHSXUH*2VDPSOHWKLVZRXOGKRZHYHULQVRPHH[WHQWEHGXHWRWKHWKLQQHUWKLFNQHVVRI
WKHFRPSRVLWHPDWHULDOVaȝPYVaȝPZKLFKZRXOGUHGXFHWKHUHVLVWDQFH7KH'062
*2VDPSOHSLQNVKRZHGSRRUSHUIRUPDQFHSRVVLEO\GXHWRDVOLJKWO\ORZHUZDWHUXSWDNHWKDQ
WKHSXUH*2VDPSOHRUXQHYHQ*2GLVSHUVDO

)XUWKHUH[VLWXDQGVLQJOHFHOOWHVWLQJLVFXUUHQWO\XQGHUZD\WRFRQILUPWKHUHSRUWHGILQGLQJVDQG
HYDOXDWHWKHUHPDLQLQJVDPSOHV

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